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Su mm a 訂y
Inthelivingbody, c ells a re ofte n e xpo s edto a cid e n viro n m e nts u ch a s m etabolic or
r e spir ato ry a cido sis, infla m m atio nlo ci a nd in sight of s olid tu m o rs. Ho w e v e rthe
m e cha nis m s of c elladaptatio n to e xtr a c elular a cide n vir o n m e nt ha v e n ot be e n
investigated u ntiln o w･ Fo rthe pa st s e v e r alyears, s o m e e x cha nge rs s u ch a sNa
＋
/H
＋
e x changers a nd H C O3
-
-depe nde nt alkalinizing tr an sportershav e be e n r epo rted to
perfo r mimpo rtant r ole sin intra c ellularpH r e c o v e ry after a cute acid lo ad. He reI
sho w ed that Ju rkat c ells prolifer ated, with m aintaining intrac ellula r pH u nde r
e xtracellular a cidic c o ndito n s a nd thes etra n spo rterswe re n otin v olvedin the pH
ho m e ostasis･ Ou abain a nd N- ethylm aleimide r edu c edpHi, s oitispo s sible thatou abain
or N - ethylm aleimide s e n sitiv epr oteins m ayha v e a nimpo rta nt r oleinintra c ellularpH
m ainte nan c e. Inde ed
,
o u rdata sho w ed that ther e a reN - ethylm aleimide s e n sitiv e
K
'
-ATPas e s a nd N-ethylm alei mi de binding pr otein stho s e e xpre ssio n s w er e cha nged
u nde rlo w e xtr a c ellularpH.
Her eIals o sho w edthatJu rkatc ells cha ngeintra c ellula r slgn alpathw ays u nder a cidic
●
pH c o nditio n s. Pho sphotyr o sin ele v elofs o m epr otein s a re cha ngedduring pr olifer atio n
in a cidic m edia. M A P Ka ctivity wa s also cha nged rapidly a slow erl ng Of e xtra c ellula r
pH but the cha nge disappe ared as tim epa ss ed. The s e r e s ults s uggest thatJu rkat c els
m aybe adapted to acidic e nvir onm e nt with cha ngi ng Pr otein phosphotyr o si
'
n ele v el
,
●
M A P Kpathw ay and finally expres sion of s o m ege n e s r equired fo r adaptatio nto
e xtra c ellula r a cidic e n vir o n m e nts.
Ge m e ra且ImtT OdⅦcも畳o n
In ma m m als
,
blo odpHis u s u aly m aintain edin a n arr o w r a nge r o undpH 7･4 m ainly
throughr egulatio n ofr espir atio n andr e nal acide xtru sio n(1,2). Ho w e v e r whe n chr o nic
r espir ato ry a cido sis o r m etabolic a cido sis o c c u rs, the de cr e a s e of blo od pH ha sbe e n
sho w n･ Respir ato ry a cido sisisdu eto a nincr eas einthePc o2indu c edbythede cr e a s ein
respir ato ry fun ctio n･ Metabolic a cido sisis dueto a nin c re as ein o rga nic a nd in o rgamic
acidindu c edbythe de cr e a s ein kidn eyfu nctio n･ T he de c re a s e ofpH ha s als obe e n
r eported inlo c ale nvir o n m e nts･ Duringinflam m atio n, e xtr a c ellula rpH dr opsto v alu e s
belo w6du etothele ak ofintr a c ellula r c o nte nts,hypoxic m etabolis m a ndr elated la ctic
acidprodu ctio n(3,4)･ Acidific atio nis a nimpo rta nts o u r c e ofpainininfla血m atio nlo ci.
Acidific atio n ats olidtu m o rshas als obe e n r epo rteda nd itlinkedto de cre as ein o xygen
s upply a nd m etabolic r e m o v al du eto eithe r ala ck of s ufficie nt vas c ulariz atio n o r
in cr e a s eda ctivityofthetu m o r c els(5).
im m u n e c els ofte n w o rku nder a cidic e n vir o n m e nts s u ch a s atinna m m ato rylo ci(6)
o rin c a n c er n e sts(7). In orderto u nde rsta ndhow im m u n e c els ar e ableto fu n ctio n
u nde r a cid str es s
,
itis e ss e ntialto studyim m u n e c ellfu n ctio n s u nde r a cidic c ultu re
condit o n s. To date, studie so n c ellularfu n ctio n s atlow pH ha v ebe e ndo n e m ainly
u sl ng C ells c ultu r ed in n e utralm edium a nd m e a s u ri ngthe r e co very of intra c ellularpH･
■
Ho w e v e r, adaptatio n sto e xtrac ellula racidic e n vir o nm e nts ar e r equired fo r c占11占to w o rk
efficie ntly u nder a cid stre s s. Ther efo r e, studies on adaptatio n ofim m u n e c ellsto a cid
pH a repartic ula rlyimpo rta nt･
A daptatio n of living o rga nis m sto cha ngesin e n viro n m e ntal c o nditio n sha sbe e n well
studied in micr o o rga nis m s･ Itiskn o w nthat micr o o rga nis m s ofte n血a v e m ultiple syste m s
●fo r asl ngle fun ctio n･ Re c e nt studiesin o u rgroupled u sto pr opo s ethatba cteria u s e
distin ctsystem sdepe ndingo nthepH c o nditio n s(8). As signaltr a n sdu ctio nis e ss e ntial
fo r c elula r fu n ctio n s a nd n u m e r o u s slgn al pathw ays have been pr opo s ed in
lymphocyte s(9,10), itis r e a s o n able to as su m ethatim m u n e c ells,like bacteria, u s e
diffe r e ntsystem sforslgn altr a n sdu ctio n atdiffer e ntpH valu e s･
＋
In this study,Iha v e e stablisheda m ethod fo r c ulturingJu rkat c ells atlow pH, andI
have examined ho wthe c ells m aintain theirintr a c ellularpH a nd how the alls change
slgn alpathways unde r a cidic c o ndit o n s.
C hapまe r1
W h如 kinds ogm e cha nis m con忠ribtltetO
adaptatio n e xtr a c e且Iula r a cidc o nditio n s?
Ⅰntr odⅦctio m
Re s ulta ndDis ctlSSio n
. Pr olifer atio n ofjurkatc ells
' Intr a c ellularpH u nde r a cidicpH
● Ho wJu rkat cells m aintainintra c ellularpH u nde r a cidic c o nditio ns?
' Ar ether e n e wtr a n spo rte rs c o n ce r n ing PHim ainte n a n c e?
Im色r odu c怠io n
Be c a u s e ofitshydr ophobicinte rio r, thelipid bilayer of c ellm e mbr a n e s s er v e s a s a
barie rto the pas sage of m o st polar m ole c ule s･ T his barier fu n ctio nis c r u cially
impo rta ntbe c a u s eit allo w sthe c el to m aintain c o n c e ntr ation ofs olute sinits cyto s ol
that ar edifer e ntfro m tho s ein e xtra c elularfluids a ndin ea ch ofthe intr a c ellular
m e mbr a n e- n clo s ed c o mpartm e nts. To m ake u s e ofthisba rrier,how e v e r, cell ha v ehad
to e v olv e w aystotr a n sfe rri ngspe cific wate r-s oluble m ole c ules a c ro s their m e mbr a n e s
in o rde rto inge st e s s e ntial n utrie nts, e x cr ete m etabolic w a ste pr odu cts, a nd r egulatp
intr a c ellula rintr a c ellularion c o n c e ntratio n s･ Thetr a n spo rt of in o rga nicio n s a nd s m all
w ate r-s oluble o rganic m ole c ule s a c ro s sthe lipidbilayeris a chie v ed by spcializ ed
tra nsm e mbr a ne protein s, e ach of which is r espo n siblefo rthetr a n sfe r of a spe cial io n,
m ole c ule
, o rgr oup ofclo s elyrelated io n s o r m ole cule s.
T her e aretw o main clas s e s of m e mbra n epr otein sthat m ediatethetra n sfer: c arrier
protein s, which ha v e m o v lngPa rtstO Shiftspecific m ole c ule s a cr o ssthe m e mbr a n e, a nd
●
cha n n el pr otein s, which for m a n arr o whydr ophilc po r e, allo w l ng the pas siv e
●
m o v e m e ntprl m arilyofs m allin o rga nicio n s･ Ca rrie rpr otein s c a nbe c o upledto a s o u r c e
of e n ergyto c atalyz e a ctiv e tr a n spo rt, a nd a c o mbin atio n of s ele ctiv e pas siv e
pe r m e ability a nd a ctiv etr a n spo rt c re ate slarge diffe re n c esin thec o mpo sitio n ofthe
cyto s ol c o mpa r ed with eithe r the e xtra c elula r fluid o r the 加id
-
with in
m e mbran e- en closed organ elle s･ By ge n e ratingI o nic c o n ce ntr atio ndifer e n c e s a c r o ssthe
lipidlayer, c ellm embrane s c a n sto repote ntial e n ergyinthe fo r m of electr o che mical
gradie nts, which ar e u sed to driv e v a rio u str a n spo rt pr o c es s e s, to c o n v ey ele ctric al
sign als in ele ctric a11y 甲Citable c ells, a nd to m ake m o st of the c ell
'
s A T Pin
mito cbo ndria
,
cblor oplasts, a nd ba cte ria.
me r eI fo c u s ed o n c ellpr olifer atio n, intra c ellula rpH a ndthe m echanis m to m aintain
pHiu nde r a cidic c o nditio n s.
Re s Ⅶ且息s a nd D息sc Ⅶssio m s
Pr ol畳fe r atio 弧 Of伽 rka色c eus Ⅶmde r a cidic c o nditio n s
In o rdertoin v estigate whetherJu rkat c ells a re abletogrowin s u ch acidic c o nditio n s
a s atinna m m ato rylo cio rin c an c e r n e sts, w e c ultu r ed Ju rkatc ellsindiffer entpH m edial
To study o n c ellularfu n ctio n? c ells w e r e u s u aly c ultu r ed in CO2buffering m edial
Ho w e v e rthepH v alu eof C O2buffering m edia ar e v a riable･ Ou rpr e vio us data sho w ed
that allm edia of diffe re ntinitialpH m edia adjusted with NaHCO3 Cha ngedto pH6.
7-6･8 whe nthe c ellsgr e winthe CO2in c ubato r(date n otsho w n). Soin o rde rtote st the
abilityofim m u n ecellstogro w u nde rdiffe re ntpH c o ndit o n s,Ju rkatc ells w ere c ultu red
in m edia ofinitialpH6.2, 7.4 a nd8.4 witho ut the C O2S upply.
Ju rkat c ellsgr e win m edia ofinitialpH 6.2, andthe c elln u mberin c r e a s edtw o-fold
fo r2 days(Fig･1). Afterthe c ells w er e c ult r edfor4 days, o v er95% ofc els w er e n ot
stain ed withtrypa nblu e(data n otsho w n).Ju rkat c ellsgrew in m edia ofinitialpH 7.4
withage neratio ntim e ofappr o xim ately1day(Fig.1), andthe m ediu mpH de cr eas edto
6･6 after4days(data n otsho w n)･ Thes edata a re clo s eto tho s e obtain ed u sing m edia of
initialpH 7.4 with C O2buffe r. Cellsgre win m edia ofpH 8.4 similarlyto m edia ofpH
7.4. Thes e r e s ults s ug ge st thatJu rkat c ells ar e able to gr o w at pH 6.2, altll O ugh
pr olifer atio nis slow e rthanthatat n e utralpH, a ndc ellprolifer atio nis n ot affe ctedby
pHbetw e e n7.4 and8.4. Fu rtherm o r eCO2do es n
'
taffe ct the c ellpr olifer atio natpH 7･4
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Fig.1. Pr olife r ation ofJu rkatc els u nde rdiffe r e ntpⅡ c o nditio n s. Ju rkat c els were gr o wnin m edia of
initialpH 6.2(@), 7.4(S), 8.4(@)witho ut c arbo n ate a nd C O 2s upply o rin m edia of initialpH 7･4 with
c a rbo n ate and C O2 s upply(A)asde s cribedin Materials a nd Methods･ Cels stained withtrypan blu e
w er e n otc o u nted.
‡ntr a c e且且u且a rp‡‡岨mde r a cid孟c c o ndi伽 ms
Ⅰn c ells
,
the re a r e m a nyki dofe n zym e s a nd e a che n zym e
'
hasit
'
s o w n optim u mpH･
T hepB shiftindu c esthe cha nge oftheir a ctivity･ Otlrdate suggestedthatJu rkatc els a re
ableto gr o win a cidic m edium a nd itisimpo rta nt toin v e stigatetheinnue nce ofa cidic
m edia o npHi･ I in v e stigated whethe r c ells c a n m aintain pHiu nder e xtr a c elular a cidic
c o ndit o n s･ B C ECF-A Mha sbee n u s ed fo r m e a s u re m e nt of itr a c ellularpHin s ev eral
c elltype(ll).
Tothebegin n ing,I m adethe calibratio n c u r v e sfo rintra c elularpH m e as u re m e nt･ In
●
body,blo od c ells a reno w l ngl n S e r u m a nds uppliedn utritio n a ndgr owth ho r m o n e sfo r
● ●
m aintaining c ellfunctio n. SoI te stedthe effe ct ofs e r u m c o n c e ntr atio n. Ac c ordingto
Fig･2 A,tllenu O r eS C e ntinte n sitie s at with5, 10 %fatal bo vin e s e r u m(F B S)
､
w er elo w e r
tha nthat witho ut F B Swith the pr ese nc eofio n ophor e. Itho ughtF B Smightinterfe re
加 o r e s c e n c e absorption or che ck incorpo ration of B C E C F-A M.
Befo re assayJu rkat cels were cultu r ed in pH 6.2 R PM Im edium withl O% FB S fo r
24hr. Meas u rem e nt ofpHires ultedthatpHiof Jurkat cells u nder a cidic c o nditio nsis
highe rtha n e xtr a c ellularpH witho ut F BS: plii 6.7-6.8. With l%F BS, pHibe cam e
m u ch highe r:pHi7.1-7.2. ThepHiwith5 % FB So rl O% F B Sw a s n e a r n e utralpH･ Al l
pH valu e s w er e c alc ultedwiththe c alibr atio n c u r v e s withthe F B Sc o n c e ntr atio nus ed･
This r e s ult sugge stedthatJurkat c ellc a n m aintaintheirintr a c ellula rpH u nde racidic
c o nditio n s a ndpHi bec om e slow witho uts e r u m･
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Fig.2. Effe ctoftheFBS c o n c e ntr atio n o nintr a c elltla rpⅡ a nd sta nda rdc u r v e
lfo rintrac ellula r
pⅠ‡ m e a stl r e m e ntS. Ju rkat c ells we r e c ult r edin a cidic m ediafo r24hr a ndin c ubated in the s a m e
m edia c o ntainig BCECF-AM , a ndindic atedpe rc e nt of F B S fo r30min, a ndthe flu o r e s c entinte nsity
w as m e as u r eda sde s cribedin Mate rials a nd Methods. T he c alibr atio n c u r v e wa s e stablishedin a ss ay
m edia ofpH6.0to7.5 c o ntaini血g10 mg/mlnigericin witho r witho utF B S･
Symbols;㊨;0 %, 観 ;5 %, A;10%
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Ⅲow 伽rkatc e且且s m a畳nまa畳m畳ntr a c e且且Ⅶla rpH Ⅶmde 柑 Cidic c o nditio n s?
Ou rdata sho w edthatJu rkat cells c o uld gro w a nd m aintain theirintr a c ellula rpH
u nder a cidic c o nditio n･ Ho w e v er
,
it's n ot cle arwhatkind ofsyste m sis w o rkingfo rpH
m ainte n a n c e u nder a cidic envir o n m e nt. To data
,
alot ofstudie sha v ebe e ndo n e abo ut
pH m ainte n a n c e syste m s. In alm o st allstudie s, c ells w e r e c ultu r edin n e utr alm ediu m
a nd a cidifc ated with NH4Clo rio n ophor e(1 2). The s ekinds ofexperim ents sho w o nly
ho w c ells r e c o v erpH afte r a a c ute a cid lo ad, but n ot how c ells m aintain pH iwhe n
e xtr a c elular a cidificatio n o c c u rs･ In o rde rtoide ntify pHim ainte n anc e syste m u nder
a cidic condition, c ells w e re c ultu red a nd as s ayedin a cidic m edia a ndthe effe ctof m any
kinds ofinhibito rs o n cel gro wtha ndpHiw e r ein v e stigated.
Na'/H＋ e x cha nge rs(N E E);Na
'
/H
十
ex cha nge rs(N H E)hasbe e npr opo saltoha v e a
c ritic alr olein v ario u s o rga n s as a result oftheir o n e-fo r- o n e e x cha nge of Na
'
a ndⅠ1
＋
(1 3). Atle astse v e nNHE is ofor m sha v ebe e nide ntifiedtodate. TheN H E-1 is ofo r mha s
be e nidentifed o nthe ba s olater al m e mbran e of epithelial cells a nd o nthe pla sm a
m embrane ofno n-pola r c ells. Whe re as otheris oform s(e.g. N H E-2 a nd N HE-3)are
pr es e nts olelyin epithelialc ells(14,15). N H E-1is ofor mis ubiquito u s a nd ha v ebe e n
linkedtointr a c ellularpH(pHi)andcel v olu m e regulatio n s(16,17)･
Inde ed N H E lisimpo rta ntfo rpHir e c o v ery afte r a a c ute a cidload, ho w e ve rit
'
s not
cle ar whether N H El is c o n c er n edin pH im ainte n a n c e u nder e xtr a c ellular acidic
c o nditio n s orn ot. To c o nfir m this, I in v estigated the effe ct of arhiloride,
3,5-diamin o-6-chlo r o-N -(dia min o m ethyle n e)-p yr a zin e c a rbo xamin o, o n pHi a nd c ell
gr o wth. Amilori deis aninhibito r of Na
'n1
＋
e x cha nger s, a cting c o mpetively onthe Na
'
site(18). If N H E l is w o rkingforpHim ainte n a n c e u nder e xtra c ellular acidfic atio n, the
pH i de c re as ewith ami lo ride..
But a milo ride had n o effe ct o npH i(fig13)･ Fu rthe rm o re
12
a milo ridehadals o n o ef cto n c ellgro wth u nder a cidic a nd n e utr ale n vir o n m e nt(fig.5).
To c o nfir m whether the N H E Ipre s e nt injurkat c ells, Iin v e stigated the effe ct of
amiloride o npH irec o very afte r a a c ute acidlo ad･ ThepHire c o v e ry w a sinhibited with
a milori de(M ･ko moriya et al pe rs o n al c om m micatio n) Thes e re s ult s ugge sted that
N H Elha s n o es s e ntialrolein thepH im ainte n a n c eunderextrac ellular a cidfic atio n.
HCO3 ㌔ depe nde nt alkalinizingtr a n sporters;Na
'
depende nt Cr旧CO3
‾
e x c a nger
ha sbee ndem o n str atedto re c o v erpHiafte rintr a c ellular acidloadin c ultu red e mbryo nic
chick he art c ells a nd dog v a s c ula r s m o oth m u s cle cells(1 9,20). Crindepe nde nt
Na
'
/H CO3
-
hasbe e nde s cri bedto r e c o v e rpHi after intr ac ellular a cidlo ad in r at
v e ntric ular myo cite s(21)a ndguin e apigv e ntric ular myo cite s(22). Inthe s e c els, H C O3
∴depe ndent alkalinizingtr a nspo rters ar e w o rkingtogether with Na
'
/H
＋
e xtha ngers.
D ID S(4,4T-diis othio cya n ato stilbe n e-2,2f-dis ulfo n ate)ainhibito r of HCO3
-
tra n spo rter,
did n ot r edu c ethe pHiu nde r my gro wth c o nditio n s(fig.3). This r e s ult s ugge ststhat
HC O3 ∴ depe nde nt alkalinizing tra n spo rte rsdo n ot w ork fo rintr a c ellular pH
m ainte n a n c e.
Vりpe H
'
-ATPa se; The v a c u olarH
'
- AT Pa s es(V-type ATPas e)ar e afami ly of
A T トdriv e npr oto n pu mps r espo nsible fo r a cidifc atio n of a v ariety of intra c ellula r
c o mpartm e nts in e ukaryotic c els, in cluding clathrin- c o ated v esicle s, e ndo s o m e s,
1ys o s o mes, Golgi, s e cr eto ry vesicle s a nd the c e ntar al v a c u o u s ofi)la nts a nd lo w e r
e uka ryote s(23). Vtype AT Pase sinthepla s m a m e mbla n e ofspe cializ ed c ellsha
'
v e
'
als o
be e n sho w ntofu n ctio nin a v ariety of impo rta ntphysiologic alpr o c e ss es･ The V
-type
A TPa s einthe apic alm e mbrane ofr e n alinter c alted c ellsfu n ctio n sin r e n al cidfic atio n･
(24). Whilethe V-type A TPas ein pla s m a m e mbr a n e of m a cr ophage sand neutr ophils
a s sist in m aintaining a n e utral cytopla s mic pH in the phas e of a cid load(23)･
13
Bafilo mycinAlis a specificinhibito r ofV-typeA T Pa s e s(25).Solin v e stigated whethe r
pHiis m aintain edvia the V-type H
＋
-A TPas e u singthis dr ug･ Intr a c ellula rpH w a s n ot
affe cted with bafilo mycin Al(fig3)･ Ho w e v e rjurkat c ells gr o wth w asinhibited by
Bafilo mycin A l(fig･5)･ This effe ct again st c ellgro wth m aybe du eto the effe ct of
Bafilo mycin Alo nthe V･type H
＋
- Ar Pas e e xistinginlys os om e o rendplas mic retic ulu m
r athe rtha nthe effe cto ntheV-type H
'
-ATPa s e sin c ellm embra ne.
P-ope H
＋
-ATPa se (Na
'
/K
＋
-ATPa s e
,
H'/K'-A TPa s e); Na
'
/K
'
- ArPase and
H'/K'- A rPa s ebelongtotheP-type H IArPa s efa milyofc atio ntra n spo rte rswhicha re
cha r a cte riz ed by the inte r m ediate pho spho rylatio n during the c atalytic cycle･
Na'/K'-ATPa s es are ubiquito u splas m a m e mbra n e e n zym e s whichtr a n spo rt2 K
'io n s
into a nd 3 Na'io no ut ofthe c elsbyusl ngthe e n ergyofAT Phydr olysis･ This e n zym e
plays a c ru cial r ole in maintaining Na
'
and K
'
gr adie nts betw e e nthe intra･ a nd
e xtr a c ellularmilie us whichare ne c es saryfo rthe regulatio n ofthe c el v olu m e･ The Na
'
gr adient cr eated by the Na
'
/K
'
-ArPa s e als opr o vide sthe e n e rgyto m a ny se c o ndary
tr a n spo rters･ Fu rthe r m o r einlo wpH c o ndito n sthe H
'
bindingto e n zym e･ Ou abainis
kn o w nto a ntago n aiz eK
'
at e xte rn al K
'
bindingsite of Na
'
/K
'
-A T Pa s e a nd hasbe e n
u s ed a s a ninhibito r ofthe Na
'
/K
＋
-A rPa s e. I in v e stigatedthe effe ct of o uab ain o n
intr a c ellularpH m ainte n a n c e. Ou abain r edu c edthepH iu nde r a cidic c o nditio n s(fig･4)･
Fu rther m o re o u abaininhibited Ju rkat c ells gr o wth im m ediately(fig.5). Thes e re s ult
s ugge st that Na
'
/K
'
- A T Pa se is dire ctly o rindire ctly c o n c e rn ed in pHim aint占n左nce
u nder a cidic c o nditio n s.
The H
'
/K
'
- AT Pas eis also a P･typeio npu mp, whiche xportspr oto n s e xcha ngingfo r
e xtr a c ellular K
＋
a cr o s sthe apic al m e mbr a n e of the parietal c ell, and thus it is
r e spo n siblefo rga stric a cids eqr etio n･ Re c e ntly othe rH
'
/K
＋
-A TPas ehasbe en repo rted
14
in rat distal c olo n to play a majo r r ole in K' abs o rptio n. Om epr a z ole(26) and
N - ethylm aleimde(27)hav ebe e n u s ed a sH
'
/K
＋
- A rPa s einhibitor s. Intr a c ellula rpHi
w a sdecr e a s ed with bothinhibito rs(fig.4). SCH 28080is a m o re spe cific r e v e rsible
inhibito r ofthega stric H
＋
/K'- A T Pas e･ SCH 28080c o mpetitiv elybindstothelu minal K
＋
high affinity site ofthe e n zym e(28)a nd do e snotinhibit c olo nic o u ab ain-s e n sitiv e
H
＋
/K
'
-ArPas e･ S CH 28080didn otlo w erintra c ellularpH of Ju rkat c ells gr o w n u nde r
a cidic condito n s(fig.4).
F-ore pr oto nA TPa s e; F-type A rPas es ar eH
＋
-tra n slo c ating A T Psynthas e. They
c o n sit oftw oparts, n a m elyFla nd F O. T hey ar elo c atedinthe m e mbr a n es of ba cteria,
chlo r opla sts, a nd mito cho ndria a ndc atalyz ethehydr olysis o r synthe sis of A T Pc o upling
withH
＋
(Na
'
)tr a n sport a cr o s s m e mbra n e s. Itis a c ceptedthata er obic o rga nis m山s ethe
e n zym e m ainlyfo r synthe sizingA rP. Azide, a n spcific nhibito r of Fl- AT Pa s e, didn ot
lo w e rintr a c ellula rpH ofJu rkatc ellsgr o w n u nder a cidic c o ndito n s(date n otsho w n)
The eHect oftyro sin ekin a seinhibito r s a ndpho sphata s einhibito r s;T her e a re s o m e
e x cha nge rs a nd A T Pa s es which ha v ebe e n s aidto be m odulated bypr otein kin as e or
pr otein pho sphata s e･ Epide r m al gr o wth fa cto rindu c e sthe a ctiv atio n of Na
'
/H
'
e x cha nger in hu m a nple u r al m e s othelial c ells a nd this effe ctis inhibited by P KC
inhibito rs a ndtyr o sin ekin as einhibito rs(29). Is oprotere n olstim ulate sH
'
/K
'
- ArPase
a ctivityin r at c o rtic al c olle ctingdu ctbeta-inte rc alted c ells･ This e∬e ct
､
isinhibited by
CA M P depe nde ntpr oteinkinas e(P K A)inhibito r a ndp44/42 mitoge n- a ctivatedprbte
r
in
kin a s e(E R K)inhibito r(30). Fu rther m or ein r e n alpr o xim altubule sdopa min eD 2-like
r e c eptor a ctiv atio n c a u s e sthe stim ulatio n ofNa
'
/K
'
-A TPas e a ctivity, a ndthis effect w a s
inhibited by E R R inhibito rs a ndtyr o sin ekin aseinhibito rs･ SoI in v e stigatedthe effe ct
of tyr o sin ekin a s einbibito r, ge nistein, a nd serin e/tbre o ni e phospbatas einhibito r,
15
okadaic a cid
,
o nintra c ellula rpH･ Both inhibito rsdidn
'
tlo w e rintr a c ellula rpH of Ju rkat
c elsgr o w n u nde r a cidic c o ndit o ns
16
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Fig.5. Effe ct of inhibito r s on c ellpr olife r atio n･ Ju rkat c ells w er egr o wn witho ut bic a rbo n atein
R PM I 1640 m ediu m s upple m ented with lO %F BSa ndlOm M PIP ESatpH6･3･Inhibito rs w er e added
atthetim eindic atedbythe a rr o w･ Cells stain ed withtrypa nblu e w er n otc o u nted ･
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Arethe r e n e w忠r 姐 SPO T忠ers c o n c e r m 且mg p!I畳m a畳弘一e m a m C e?
●
I sho w ed that Na＋/H＋ e x cha nge rs o rH C O3 ニ depe nde nt tr a n spo rters a nd s o m e
A TPas e s) which ha v ebe en repo rted to hav e a nimpo rta nt role in intra c euularpH
regulatio nldo n
'
tpa rticipateinintr a c elularpⅢ m ainte n a n c e u nde r e xtr a c ellular a cidic
c o nditio n s･ Ho w e v e r o m epr a z ole a nd N-ethylmaleimdelo w erthe pHi･ Sol c o n cluded
that ther e a r e s o m etr an spo rters which m aintain spHia nd is s e nsitiv eto o m epra z ole o r
N -ethylm aleimde.
Do se N- ethylm aleimdebr e ak c ellm e mbr a ne?;Intr a cellularpHiof Ju rkat c ells was
r edu c ed with N- ethylm aleimde･ Butitis po ssible that N -ethylm aleimde br oke cell
m embra nes res ultingin the c el de ath a ndther efor epHiw a s redu c ed. Ho w eve r, whe n
w e che cked the c els tr e ated with orwitho ut N -ethylm aleimde, both c ells vie re n ot
stain ed withtrypa nblu edye a nd c el viabilityis alm o st s a m e, u nlike c ellsin c ubated
24hr atpH6.2 witho ut F B S(fig･6A). This re s ults ugge ststhatN - ethylm aleimidedo e s n
'
t
br e ak c ellm e mbr a n e.
Ne xt w e m e a s u r ed the intr a c ellular K
'
c o n c e ntratio n with ato mic abs o rptio n
spe ctrophoto m eter･ Intra c ellula rK
'
c o n c e ntr atio n w as redu c ed with N-ethylm aleimde
alm o sthalf ofthat of c o ntr ol. Ac cordingto this r e s ult, N -etbylm aleimde 血ayr educe
intra c elula rpH viathe r edu ctio n ofintr a c ellula rK
＋
･
The eHectofN - ethylm aleimde o ntheK
'
-A TPas e a ctivity;Sin ceitw a s c o n sideredthat
the re ar e s o m eA T Pa s e s s e n sitiv etoN -ethylm aleimde,Iprepar edthe m e mbra n efrictio n
fr o mJu rkat c ells a nd a s s ayed E･
'
- ÅrPas e a ctivity･ Na
'
/K
'
-A TPa s e a nd F-type A T Pa s e
a ctivitie s w erinhibited with o u abain, azide re spe ctiv ely･ Co mparis o n with c o ntr ol,
K
'
-A TPas e a ctivityisinhibited with N
- ethylm aleimde(fig･7)･ Ne xt w ein v estigatethe
optim u mpH ofthe ATPaseinhibitedwithN
- ethylm aleimdeinthepH ra ngefrom 6･2to
20
8･8･ N -ethylm aleimde s e n sitiv eK
＋
- ÅTPas e a ctivityw as optim alatpH8.0(fig.8).
Ar ether ediHere ntpr otein sbetwee nju rkat cels in c ubatedin a cidic a nd n e utr al
m edia?; Our date sho w ed K
＋
- A TPa s e a ctivity a nd pHi w e re r edu c ed with
N -ethylm aleimde･ The refo re w etho ughts o m epr otein s c o ntainingcysteh r esidu esplay
a nimpo rta ntr olefo rpHim ainte na nce, a nde xtr a c ellularpH m aycha ngethe e xpre s sio n
ofthe s epr otein･Ifthishypothesisistr u e, s o m epr otein s s e n sitiv eto N - ethylm aleimde
ar e e xpr e ss ed u nde r a cidic c o nditio n s･ Biotin- m aleimideis de sign ed fo rbiotinylating
pr otein s c o ntaining e xpo s ed cystein re sidu e, asthe s a m e a sN -ethylm aleimde, a nd
biotinylated pr otein a r edete cted with AVD IN al k alipho sphata s e･ So w e c o nfir m
Biotin- m aleimideinhibitK
'
-ArPas e a ctivityo r n ot･ Ou rdate sho w ed Biotin- m aleimide
inhibitK＋-ArPas e a ctivitysu chasN ･ethylm aleimide(fig.7).
Cellm e mbra n esofJu rkatc ells gr o w nin a cidic and ne utr al m edia w e retr e ated with
Biotin- m aleimide and detected with A V ID INalkaliphosphata s e. As shown in fig･9,
in c ubatio nin a cidic m ediain cre asedthe e xpr es sio n of 81 k Dapr otein, a ndr edu c edthe
e xpre s sio n of4 2k Da a nd80kDapr otein s･
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Fig･7･ E 恥ctof N･ e払ylm alei mide a nd biotin･ m aleimide o nthe K
'
･A TPa se a ctivity･ Cell m e mbr an e s
w er e e xtr a cted fr o mJu rkat c ells c ultu r edin a cidic m edia fo r48hr. T he a ctivity ofthe K
＋
- A TPa se w as
a s ayedbythe m e a s u r e m e nt of fr e ePir ele as ed fr om A TPa sde s cribed in Mate rials a nd Methods･ T he
A TPas e a ctivitie s of Ju rkat c els ar e e xpr es s ed a sthe per c e ntage ofthe c o ntr ol v alu e obtained witho ut
inbibito rs.
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Fig･S･ E ffe ctofp‡Io nA T Pas e a ctivitys e n sitiv eto N
-ethylm aleimi de ･Cel m e mbra ne s we re e xtr a cted
fr o mJu rkat cells c ultu redin a cidic m ediafo r48hr. The a ctivityof the K
'
-AT Pas e was as s ayed bythe
m e as u r e m e nt offr e ePir ele a s edfr o mA TPa sde s cribedin Materials a nd Methods. TheA T Pas e a ctivitie s
ofJu rkat c ells a re e xpr e ss eda s 岬 ･01Pirele a s ed/min/mg pr otein･
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kDa
21且_
122-
$0
-
51 -
35.9 -
pE 6･2 pH7･4
汁 - A($1kDa)
← - I - B(80 k Da)
汁 c(42 k Da)
P双S.2 pH 7.4
A 135.$ 100
B 73.5 100
C 3 7.3r 100
(%)
Fig･9･ W e ste r nblot a n alysis of m e mbr a n epr otein s with A VID Nalkalin epho sphatas e･ Cell
m e mbr a n e s w e re e xtr a cted fr o mJu rkat c ells c ultu r edin a cidic and n e utral m ediafo r48hr a nd 24hr,
re spe ctiv ely･ Me mbr a n e s w er ebiotinylated with biotin
- m aleimide a nd biotinylated protein s w e re
dete cted with A V ID INalkalin ephosphatas e a sde s cribedin Mate rials and Methods･
25
Chap色e r2
伽rka☆Ce且且s C ha ngeⅠmir a c el且Ⅶ且a rSignalsto
A dapt toAcidic En vir o n m e nt.
Intr odu ctio n
Res ults a ndDis ctlS Sio n s
' Differ e ntpr otein s ar epho spho rylatedata cidicpH c o nditio n
. Wher e ar ethe s epho sphorylatedpr otein s?
. D6a cidic c o nditio n s effe ctsimilarlyo n other c ellin e s?
' Do M A P Kplaya nimporta ntrolein adaptio nto e xtra c ellula rpH?
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Ⅰ弧七r odⅦcも畳o m
Ea ch c ell in m am mals has be e nprogra m m ed to re spo nd to a spe cific s et of
e xtra c ellula r slgn als･ Thes e e xtr a c ellularslgn alsin cludepr oteins, s mallpeptides) a min o
l ●
a cids
,
n u cle otide s
,
stemids a nd m any kinds of stre s slike U V, he at sho ck, o s m otic
cha nge.
Todate
,
studies o n c ellular slgn alhav ebe e n m ainlyfo c u s ed o nslgn al tr an sdu ctio n
● ●
c a u s edbyligandsbindingto r e cepto randr e v e althe e xiste n c e ofm a nykinds ofsystem s
to r egulate c ell ftl n Ctio n s･ So m e s mallhydrophobic sign al m ole c ulesin cludingster oids
●
a ndthymi dhorm o n e sdiffu se ac r o ssthepla s m a m e mbr a n e of thetargetc ella nda ctiv ate
intra cellular r ecepto rpr otein sthatdire ctlyr egulatethetra n s criptio n ofa spe cificge n e.
But m o st e xtr ac ellula r sign al m ole c ule s ar ehydrophilic a nd c a n a ctiv ate re c epto r
●
pr otein s o nly o nthe c ells u rfa c e. Thes e re c epto rs a ct as sign altr a n sdu c ers, c o n v e rting
the e xtr a c ellularbindinge v e ntintointra c ellular slgn als that alte rthebeha vio r ofthe
cels. Ther e are thr e em ain fa milies ofthe c ells u rfa c e re cepto rs, e a ch of which
tr a n c edu c e s e xtr a c ellular slgnalsin diffe re nt w ays. Io n cha n n el linked re c epto rs ar e
●
tr a n smitte r-gatedio n cha n n elsthatopen or clo s ebrienyin re spo n s etothebindingofa
n e u r otr a n smitter(31,32). G-pr otein-linked re ceptor sindir e ctly a ctiv ate o rin a ctiv ate
plas m a membr ane bo u nd e n zym e s o rio n cha n nels via GTP
-binding pr otein s･ Fo r
e x ample, Na/K-AT Pa s e s a nd H/K -A T Pa s esha v ebe e n r epo rtedto be regulated
J
vi
'
a
G -pr otein-linkedre ceptor s(30,33)
T he r e ar efiv ekn o w nclas s e s of e n zym elinkedr e c epto rs;r e c epto rtyr o sine kin as e s,
tyr o sin e-kin a s e- as s o ciatedr ec epto rs, r e c epto r s e rin e/thre o ni ekin as e s, tr a n s me mbran e
gu a nylyl cyclas e s a nd histidin e
-kin as e･ as s o ciated re c epto rs･ In additon, s o m e
27
tr ansm e mbra n etyro sin ephophs ata s e ar etho ught tofu n ction as r e c epto rs, altho ugh for
the m o stpart theirligands ar e u nkn o w n･ Thefirst tw o cla ss e s ofre c epto rs a rebyfa rthe
m o st n u m e ro u s.
Ligand binding to r e c epto r tyro sine kin a s esindu c e sthe r e c epto rs to
cr o ss-pho spho rylate m ultiple tyr osin es of their cytopla s mic domain s. The
a utopho spho rylatio n a ctiv ate sthekin as es, a s w ella spr odu cinga s etofpho sphotyr o sin e
thats e r v e a sdo ckingsite sfo r as set ofintra c ellular slgn aling protein s, whichbind via
●
theirSH 2(orPTB)do m ains･ So m e ofthedo ckedpr otein s s e rv es a s ad ptorsto c ouple
the r e c epto rsto the s m allG TPas eRa s, which, in tu m, a ctiv ate s a c as c ade of
serin e/thr e o ni epho sphotylatio n sthat c o n v erge o n aM A P･kin as e, which r elays the
signals to n ucle us by phospho rylating regulato ry pr oteinthe re. Ra s c a n als o a ctiv ate
●
a n othe rpr otein that do cks o n a ctiv ated r e c epto rtyr o sin ekin a s es, PI3 kin a s e, which
ge n er ate s spe cificin o sitolphospholipids that s e rv e s asdo cking site sin the pla s ma
m e mbr a n efor sign aling pr otein s withP Hdo m ain s,in cludingpr oteinkin as eB･
■
Tyr o sinekinase a sociatedr e c epto rsdepe nd o n v ario u s cytoplas mictyr o sin ekinas es･
The s ekin as esin clude m e mbers oftheSr cfa mily, whicha ss o ciate s withm a nykinds of
●
r e c epto rs, a ndthefo c aladhe n sio nkin as e(FAR), whicha ss o ciate with integrin s
■
atfo cal
adhe n sion･ The cytopla smictyr o sin ekin a s e sthe nphopho rylate a v ariety ofsign aling
pr otein sto r elaythe s ign alo n w a rd･ Thelarge stfamily ofr e c epto rsinthis clas sisthe
●
cytokin e r e c eptorsfamily･ W he n stim ulated byligand binding, the s e r e c epto rs a ctivふte
Jakcytoplasmictyr o sinekin a s e, whichpshophorylateS TA Ts･ TheS T A Tsthe nd
im eriz e,
m igr atetOthe n u cle u s, a nda ctiv atethetra n s ciption ofspe cificge n e s･
ourdata show ed that the prolifer atio n r ate of Ju rkat c ells at a cidic pH w as slo we r
than that at n e utr alpH, a ndintra c ellularpH m aintain ed u nder a cidic c o nditio
ns wa s
28
low e rtha nthat ofc els gr o w i ng atn e utralpH･Sol tho ught that e xtra c elularp= affe ct
▼
o ntheintra c elular sign alpathw ayto regulate c ellgr o wtha nd intr ac ellula rpH. Tyr o sin e
pho spho rylatedpr otein ar eimpo rtantfo r c ellfu n ctio n(34). SoIin v estigatethe effe ctof
e xtra c ellularpH o nintr a c ellular sign alpathw ays･
▲
29
汲e s u且忠s a ndd畳s c u s s畳o n s
D孟恥ren怠pr otein s包repho spho rylatedata cidicpH c o ndito ns.
The re s ult ofthis s e ctio nhasbe e npublishedinim m u n ologylette rs･
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1. Intr odllCtion
lm m u n e cells oftenw ork u nder acidic e nvir o n m ents,
stlCh as atinnarn matoryloci【1]orin ca nter nests[2】. In
orderto u nderstand ho w im m u ne cells are able to
fu n ction lュnder acidstress, it is essential to study
im mu n e cellfu n ctions underacidic cultu re c o nditio n s.
To date, studies o ncellular fun ctio ns atlo wpH ha ve
been caried o ut m ainly using Cells c ultured in n eutr al
mediu m. Ho w ev er, a n adaptation to acidic en vir o n
-
m e ntsislikelytobe required for cellsto w orkeffic ently
u nderacid stress. Therefore, studies o n ad ptatior1 0f
im m u n e cellsto a cidpH areparticularlyimporta nt･
A daptatio n or liv ng things to cha ngesin e n vir o n-
m e ntalco nditio nshasbee n w ellstudied in micr o or
,g
a n-
is m s. It is kn o w nthat micr o o rga nism s o触 n have
m ultiple syste m sfor a singlefunction ･ Rec ent studies
in o u rgro upled usto pr opo sethatbacteria usedistin ct
syste m sdependingo nthepH conditio ns[3 - 5]･ As sign al
tr an sdu ctio n is esse ntial fo r cellularfu n ctio ns a nd
n u m ero u s slgn al pathw ays have bee nproposed in
lympho cytes[6,7], it is reas on able to assu m ethat
* co rresporlditlgatltho r. Tell: ＋8ト43･290･2916;fa x:＋8 ト43
･2901
2918.
Eo m aL
'
/addressJhir oshi@p.chiba-u . a c.jp(tL Kobayashi)･
im m u n e cells, s uch asbacteria, u s ediffere nt syste m s
fo r slgnaltr an sdu ctio n atdiffere ntpH v alu es.
In this study, w eha ve established a m ethod for
cultu ringJurkat cels atlo wpH and w ehav e ex a min ed
proteinphosphorylatio n u nderdifferentpH c ondito ns･
D ifferentproteins werephosphorylated in cellsgr o w lng
u nder acidic e n viro n m ents; the le vel of a 66-k Da
pbospbopr otein in creased m arkedly ln aCidic m ediⅦm
a ndthe a m ou ntofa341k Daphosphoprotein decreased
u nderthe sa m e acidic co ndito ns. T hese result suggest
thatJu rkat cells m ay u sedistin ct gr o wth sign altra ns-
du ctio npathw ays depending o nthe pH ofthe e xtra
-
c ellular en vir o n m e nts.
ヱ. Materials a nd m ethods
2.1. Cells and culture m ediu m
Ju rkat T lympho cytes stlP Pied by R･L･ Kaspar
(Brigha m Yo u ng University, U S A) w ere c ultu red at
37 oCin R P M I-1640(GibcoB R L)sup ple mented with
lO % Fetal bo vin eser um(F B S)a nd 1 0m M piperazin e-
N,N
'
-bis(2-ethan es ulfonic acid)(PIPES)in a nin cubator
witho uta C olgas S upply. The m ediu mpH w as adjusted
bythe addit o n or NaOH･
o165-2478/02/S～ se efr o ntm atter@ 200 2EIs evierScie n cea.V. All rights reserv ed･
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2.2. Meas urど′･n e nt Oft･yLos olicPJI
Cellshar vestedbyce ntrifugatio nat400× afor5 min
w eres uspended inlo ading m ediu m witho utw ashingand
in cubated with 1pM 2
′
,7
/
-bis(carbo xyethyl)-5(6)- c a n
bo xynu o rescein, a c eto xym ethylester(B C E C トA M, Do-
jin, Japa n)at37
oC fo r30min. The cellslo aded with
B C EC Fw el
･
e W ashedwith ass ay m ediu m a ndsuspended
inthe s a m e m ediu m･ Both lo adinga ndasay m edia w ere
the s a m e a sthegr o wth m edium described abo v e, e x c ept
that F BS a nd P hen ol red w ere n ot ad ded. The cell
s uspe nsio n w astra n sferred to a cu v ett placed in a
nu o rescen e spectr ophoto m eter(Hita chi, M P F-4). T he
flu o res ce n ce w as re co rded at37 oC a ndthe ratio ofthe
530n m fl
'
u o r e s c e n c e sign al obtain ed at 500n m (pH
se nsitiv e)a nd 450n m(pHin sen sitive)e xcitatio n w ave-
le ngths allo w edthe c alculatio n ofcytos olicpH(pHi)【8】.
T he c alibr atio n c ur ve w asestablished in a n ass ay
m ediu m ofpH 6.0 - 7.5 co ntaining4llg/mlnigericin.
2･3･ Wesiem blot an a!ysl
.
S Ofphosp/wproteins
Cc11s cultu red u nder va rio uspH c ondition s w ere
har vested a nd w ashed with w ash buffer(10m M s odiu m
phosphate, pH 7.4, c o ntaining 137m M NaCl, 4 m M
K Cl, 10rnM Nap a nd 0.4rnM Na3V O4). Washed cells
w ere s uspe nded in RIP A buffer(50 m M Tris - H Cl, pH
7.2, c o ntaining150m M NaCl,l%s odiu mde o xycholate,
0.1%s odiu m dode cyls ulfate(S D S), 1% Trito nX･100,
10m M Nap, O Am M Na3V O4, 1 m M phenylm ethyl-
s ulfo nylnu o r恥 1pdmlaprotinin a nd O･2pM leuppp
-
tin). Afte r a20minin cubatio n at4
o
C,.the su spen sio n
w as ce ntrifuged at 16,000× g for lO min at 4
oC.
Protein (10LLg) of the restllting s uper n at nt(crude
extra ct) w as applied to a lO% polya cryla mide gel
c o ntaining0.1 % S D S. Pr oteins separated by gelele ctro-
phoresis w eretra nsferred to aP V DF m e mbrane and
antiphosphotyro sin e a ntibody(4 G I 0, Upstate Biote ch-
n ology, Inc.)wasbo u ndto protein so nthe m e mbr a ne.
Staining w as c arried o nt with a nti- m o u s elgG antibody
c o njugated with alkalin e phosphatase(Bios o urce,
U SA).
2.4. Im m urwpreclpitatt
'
o 77 0fphosphoproiein s
The c rude extra ct w as obtain ed asdescribed above
e xcept that1 m M Na3V O4 W as used in both w ash a nd
RIP A buffers and 1m M ethyle n eglyc ol bis(β- ami-
n o etbyletber)- 〟,〟,〃
′
,〃
′
-tetr aa cetic acidw as addedto
RIP A buffer･ The crude e xtr a ct(2･4 mg?rotein) w as
mixed with 3pg4 G 10andthe mixtu re w as ln C ubated at
4 oC o v ernight. T heim m u n oc mplex w as captu red by
adding60 pI Protein A agaro sebe ads(Upstate Biotech-
n ologyIn e.)a ndthe mixture w asin cubated for2 hat
4 oC. The agarosebe ads w ere w ashedsev eraltim6S with
w ash buffer(see abo ve) a nd boiled in 2× Lae m mli
s a mplebuffer【9]for5 min . A 托erthe agar oseb ads w ere
collected by centrifugatio n at 2000x g for10s, the
super n at nt w as applied to a10% polyacryla mide gel
c ontainingO･1% S D S･ After el ctr ophoresi,thepr oteins
w ere stain ed tlSing a silv er staining kit(Daiichi Pure
C he mic als Co . Ltd.
,
Tokyo, Japan).
3. Rc 別)Its
3.1. Gr o wth ofJurkaEeel)s at acidpH
Jurkatceus gre win m edium of initialpH 63a ndthe
celln u mberin creased 2-fold in 2 days(Fig. 1). A fterthe
cells w ere culttlred for4 days,the m ediu mpHdecreased
to 6･2a nd > 95 %orcells w ere n otstained with Trypan
blu e(data n otsho w n). Jurkat cells gre win m ediu m of
initialpH 7.4 with age n eration tim eof 符 1day(Fig. 1)
a ndthe m ediu mpll de cre as edto 6.6after4 days(data
n ot sho w n). T hese results suggestthatJtlrkat cels are
ableto gr ow atpH 6.3, althoughgr o wth is slo w erthan
that at n eutralpH.
3.2. Cytos olt
'
cpH(p(Ii) ofcells gro wingat acidpH
The cyto s ol of Jurkat cells ctlltured in m editl m Of
initialpH 6.3 w as m aintained atpH 6.84(TableI). T he
pH i decre ased in m ediu m witho ut F B S(Table 1),
suggesting that F BS helps maintain n eutral cytos ol.
W hen cells cultu red inacidm ediu m w ere su spended in
m ediu m ofpH 7.4,thepHiin cre asedto7.25. This v altle
w as closetothepHiofcells cultu red in m ediu m ofinitial
pH 7.4(TableI). T hepⅠ1iofcells cultu red in m ediu m of
initialpH 7.4 decreasedto 6.95 in m ediu m ofpH 6.2,
which w as closeto the pHiofcells c ulttlred atpH 6.3
(Table 1).
〃 -etbylm aleimide(N E M)decre ased pH i dr astic ally
(Table 1). Amiloride, a ninhibitor of s odiu m/pr oto n
lO
管
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Fig. 1. Gr o wth or Jurkatcells atpH 7･4 a nd 6･31 Ju rkat cels were
cultu red in m ediu m of irlitialpE 7.4(open circles)and 6.3(closed
circles), asdescribedinSectio n2. Cells stain ed with TrypanblⅦew ere
n otc oll ated.
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Tablei
Cytos olicpt
ql orJu rkatc ells
157
pI寸 orc ultur e m ediu m prlorassay m ediu m 1 %F as Inllibito r prti
63
6.3
6.3
7.4
7.4
6.3
6,3
6.3
6.3
6.3
6
.2
6.2
7.4
7.4
6.2
6.2
6.2
6.4
6.4
6.4
＋
十
＋
＋
＋ N E M
Amiloride
Genisteill
Okadaic 払Cid
6.70a:0.09
6.84士0.03
7.25士0.08
7.40士0.05
6.95士0.10
6 A 6士0.05
6
.
85土0.06
6.98士0.08
7.15士0.05
7.02士0.04
JurkiltCeuS W Ll･e C ultur ed in medium orinitialpF1 6･3a nd 714Tor2a ndIdays,respectiv ely･ Whe n cells w ereharv ested, m ediu mprlv alues 湘 re6.2
and 7･3 in n-Odium or initiとI PI
TPI 6･3 払nd 7t4･ r¢sp母etively･ Ceus w ere su spe nded in assay m ediu m ofpH
Co n ce ntratio n s orinhibitors:N E …,I m M;genistein 120pg/ml; okadaie 机Cid,0.1pM;a milo ride,1 m M ,
e x cha nge r3, Sho w ed n o signific ant effect o nthe pHi
(Table 1)I N･ ethyトN -is opr opyl ami loride(25 トLM), a
m o re spe cific nhibito rofth¢ ex changers, decreasedpHi
partiallyin a cidm ediu m(data n ot sho wn). Gc nistein
(pr oteinkinaseinhibito r)a nd okadaic a cid(phosphatase
inhibito r)hadno ef鞄cto nthepH iofJurkatcells atacid
pH(Table I).
3･3･ Phosphol
.
ylaLion ofpr oLet
.
n s I
.
” C ellsgro w l
'
ng under
a cidstT･e SS
W esternblota n alysis u sing antipho sphotyro sin e anti-
bodysho w edthatse veralpr oteins w erephosphorylated
u ndergro w ingC O nditio ns a ndtheinte nsity ofe ach ba nd
v aricd with the cha nge in pH ofthe g
.
ro wth m ediu m
(Figy 2)･ In particular, thele v el of a 66-k Da phospho･
protein(indic ated by an a rro win Fig. 2)in creasedin
m editlm Or initialpH 6.3;this ba nd w as n otdetected in
cells ctlltur ed in m ediu m of initialpH 8.5(data n ot
sho w n). T he a m o u nt of a 34･kDa phosphoprotein
(indicated by an arr o whead in Fig. 2)de cre ased u nder
a cidic culture c o nditio ns. These res ults w ere c o nfir m ed
by an alysis orprotein sprecipitated Ⅵ′ith a ntiphospho-
tyr osin e a ntibody. As sho w nin Fig. 3, the protein
indic ated by a n arro whe ad, whosem ole cular weight
w as simi la rto the 66-k Da protein detected by Weste rn
blot an alysis sho w nin Fig. 2, w a sdetected in cells
cultu redin a cidm edium , but n ot alkaline m ediu m;
4. I)isc ussio n
Ou rprese nt results de m o nstr ate thatJu rkatcells are
able to gro win m ediu m of pH 6.3 a nd that spe cific
protein s arephosphorylated u nder acidic cultu re co ndi
-
tio n s･ T he pH iof c ells gr o w ing at PH 6･3 w as
m aintain ed at ne ar n etltr al, whereasthe pHir apidly
changed with cha ngesin e xter n alpH･ N E M de cre ased
pHi dr asticauy(Table 1) u nder c o nditio n sin which
駄め汲
望0 乱0
且且9.0
94｡0
5且｡且
3 5.4
2S.杏
indicated a nd B C E C Fw aslo aded.
20.0 叫
且 2
Fig. 2. Westernblot a h a)ysis ofphosphoproteins･ Ju rkat cells w ere
ctlltu red irl m ediu m orinitialpI1 6.3(la n e1)and 7.4(la n e2)FBI2 and
I days,respectively. W he n cels w er ehar v ested,the m ediu mpflvalu es
w er e6.2 a nd7.3,respectively. Weste mboltallaysIS W as C arriedo utas
described in Sectio n2.
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Fig･ 3･ Pho sphopro血lSpr eCipit机ted with a ntipbo sphotyr osin e a nti･
body･ Ju rkatc 曲 w cr e c ultured irl m ediu m orinitialpl
･1 6.3(la n e1)
a nd 8.5(la ne 2)ro√ 2 a nd I days, r espectively. W he n cels w er e
harv ested, the mやdium pH v alu es w er 昏6.2 ar)d 8.0, respe ctiv ely.
lm m ur10pre eipitatio n a nd 酢1 electr ophoresis w as c arried o ut as
des cribed in Sectiorl之. Antipho叩hotyr osin e a ntibody(4G IO,I pg)
w as 軌pplied inla n e3.
N E M･tr e ated cells w ere n ot stain ed with Trypa nblu e
(data n ot sho w n). Thus, itis u nlikely that eitherlo w
pr oto n per m eability or high bufrering c apacity is
respo nsiblefo r m aintaining a co n stantpH i. The n eutral
cytosol might be regulated by s o m el Syste m(S) that
tra nsports pr oto n s and this m ay be the re aso n why
Jurkat cells a re ableto gr o w atlo wpH.
Western blot an alysis with a ntiphosphotyrosin e anti-
body(4 G 10)sho w edthatdiffere ntpr oteins ar ephos-
phorylated at acid pH, implying that pathw ays for
gr o wth sign altra nsdu ctio ndiffer, atle astin part, in
respo nseto the differe ntpH v alu es oftheir stlrrOtlnd-
1 ngS. M ainten a n ce ofn eutralpH i hasbee n stlggeStedto
be esse ntial fo rgr o wth u nder acidstress. Sodium/proton
e xcha ngersha vebeenproposedto ha ve a n essentialr ole
in pHiregulatio n andto be activ ated bygro wth factors
[10】. Ho w ev er,the de cre asein pH i bythe addito n ora
sodiu m/proto n ex cha ngerinhibitor w as only partialand
inhibito rs ofprotein kin ases and phosphataseshad n o
effe ct o nthe pH i. T herefo re, it appears tmi ikely that
regulatio n or s odiu m/pr oton ex changers via pr otein
phospborylatio npathw ays is inv olved in pHi ho m e-
o stasis or Jurkat cells gr o w lng u nder acidic en viro n･
m e nts.
Ho w are slgn a pathw ays affe cted by e xtern alpH ?
Sin cethefirststep ofsign altr a nsdu ctio nis m ediated by
m e mbr a nebo u nd recepto rsfor e xtern al stim uli, itis
likelythat externalpH m odulatesthe receptor activity･
Cytosolic pH w as m aintained at6.84 in acidic enviro n-
m e nts, while the pH v alu e w as 7.40 in n ear ne utral
m ediu m(Table 1)～ Therefo re, a n alter n ativ epla usible
expla n atio n w o uld bethat the cha nge in cytos olic pH
alterstransdu cing pathw aysfo rgr o wthsign als.
1tis well kn o w nthat m a ny slgn aling pathw ays are
in v olved in fu nctio ns of im mu ne cells and m ultiple
signal pathw ays hav ebeen reported in lympho cytes
[6,7]･ Ourpresent res ults le ad u sto postulate that
differentpathw ays are operating u nderdifferent exter-
n alpH c o ndito nsin the prese n ce ofthe sa m e ext rn al
stim ulu s. Ifs o
,
further a n alysisOf ho wthepathw ays are
altered u nderacidstress will be esse ntial fo rdissecting
fun ctio n s of im m tlne Cells u nder acidic e n vir o n m ents.
Our m ethod w ould be us eful fo r s u chsttldiesin future.
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Whe re a r e伽s epho spho ryla色edpT Oteins?
Ishow edthe re ar e s o m epr otein s m u chpho sphotyr o sin ed u nde r a cidic co nditio n s.
Ne xt∫in v e stigated wherethe s epr oteins ar e. Ju rkatc ells w e refr a ctio n ated asdes cribed
in Mate riala nd Methods･ Fig･10sho wsthat66kDapr oteinis m ainlyin cyto s ol fra ctio n
a nd alittl8in rnier o s o m al fr a ction･ And 56k Da pr oteinis alm o st al in mic ro s o m al
fr a ctio n. Neithe rproteinis n otdete cted in n u cle a rfra ctio n.
Do a cidic c o ndito n s e批 c息similarlyo n othe r c el‖in e s?
I show edthat the cha nge ofe xtra c elular pH indu c ed the cha nge ofintr a c ellular
protein pho spho rylatio nle v el) e spe cially at66k Da in Ju rkat c ells･ Ne xtIin v estigate
whethe rthe s e cha nge s ar e r e stricted within Ju rkat c ells o r n ot･ Outer m edullary
c olle ctingtubule c el lin e
.
(OMCT), chin e s eha m ster o v a ry c el lin e(CHO), m o u s e
c alvariasJ eriv ed o ste obla stc elllin e(MC3 T 3- El)w er e u s edinthe s a m e e xperim e nta s
w ella sJtlrkat c ells. Fig･11sho w sthatther e ar e n odiffer e n ce sin thele v elofpr otein
pho spho rylatio nbetw e e n atpH6.2 a nd atpH8.4in O MCT c ells, C HO a nd MC3T3- EI
c ells. The s edata s s ug ge st that the cha nge ofpr oteinpho spho rylatedis n ot com mon to
allc els.
35
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mic r o s o m e s cyto･s ol
＋ 66kDa
＋ 56kI)a
Fig･10. P ho sphopr otein in cyto s ola nd mic r o s o m al fr a ctio n s u nde rdirrer e ntpH c o nditio n s･ Jurkat
cells w er e c ultu r ed in m edia of initialpH 6.3 a nd7.4 fo r48a nd 24 hr, re spe ctiv$ly･ Micr osomaland
cyto s ol fractio n s w ere separateda sde s cribed in Mate rial and Method･ Pho sphopr oteins wer edetected with
Weste r nblot an alysis u s inga ntiphosphotyr o sin e a ntibody･
●
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Fig･11･Prot血 phosph/o rylatio nin O M C TIC 器oa nd M C3T3ce11s･Ju rkatc ells w er e cultu red in m edia of
initialpH 6･3 and7･4fo r48 and 24 hr, r e spe ctiv ely･ We ste rnbolt analysis w a s c arried o ut asde s c ribed in
Materials a nd Methods.
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Do M AP Kp且ay 組 長mpo F色汲ntT o且ein ad 榔 atio 汲tO e X息r a c曲 且a r a cidpH?
M itog 弥 a Ctiv ated pr otein kin a s e s(M AP Ks) w er efirst described as importa nt
m ediato rs ofthe gr o wthfacto r stim ulatedsign alingpathw ayslinkingthe c ells u rfa c eto
the n u cle u sbutha v e r ec e ntly be e nimplic atedin the r e spo n s eto v arious stres s e s. In
ye a st, a n u mber of M APK pathw ayshav ebe e nide ntified which appe arto functio n
indepe nde ntlyofeachother(35)and inv olv edin c o o rdin atingthephysiologicalcha nges
in v olv ed inproces s e s s u chas m ating' c el w allc o n stru ctio n a ndals ointhe adaptatio nto
o s m otic str ess. In m a m m alsthe re ar ethre e welトkn o w nM A P kin as efa milie s of which
thebe stkn o w n ar eth ERKs(p42 m apk/p44m apk). E R Ks a re stim ulatedprin cipallyby
mitoge n s a ndgr o wthfa ctors via s equ e ntiala ctiv atio n of Ras, Rafl, M A P Kkin a se a nd
their a ctiv atio ntrigge rstheirtra n slo c atio ninto the n u cle u s whe r etheyindu c e c ell
pr oliferatio n o rdiffe mtiatio n(3 6,3 7,38)I W ith r espe ct to stre s s r espo n s e s, the re a re
othertw o w ellkn o w n m am mlia nMAPkin as e s･ Thes e ar e c-ter min alju nkin as es(JN Ks),
p38a nd MAPE AP kin as e-2 re a ctiv ating kin as e(R K). J N Ks(als okn o w n as stre s s
a ctiv atedpr oteinkin a s e o rSA P Ks)w er eide ntifieda spr oteinkin a s esthat a re a ctiv ated
in c ells tre ated with U V o rpr otein kin a s einhibito rs(39,40,41) and a r e a ctiv ated
str o nglybyhe at sho ck, o s m otic stre s s a nd cytokin e s, whilelittle a ctiv atio nby gro wth
fa cto rs s u ch as EGF w as ge n e r allyin a wide ra nge of c elltypes･ MAP K A P kin a s e-2
r e a ctiv atingkin a s e(RK)orp38is als oa ctivated str o nglyby c ellula r str e ss es s u ch a s
he atsho cka nd o s m otic stre s s
Toin v estigatethe effe ctofa cidic c o nditio ns o nMA P K, thephospho rylatedle v el of
ERK land E RK2 w a sdete cted with We ste rnblot a n alysis u sl ng antiErkl a nd Erk2
●
a ntibody･ Cells w e r e cultu red in m edia ofinitial pH6･2 a nd 7･4 fo r48a nd 24hr,
r e spe ctiv ely(upper a nd middlepa n el)orin c ubated atpH 6･2 a nd 7･4fo rlOmin(bottom
38
panel)I W he n Erkla nd Erk2 a repho spho rylated, the ba nds shift higher. Our date
sho w edthat ther e a re n odiffe re n c ebtw e e n acidic a ndn e utr alc o nditio n s atE R Kland
Erk2 afte r48hr c ultu r ed(Fig･1 2)･ Butthe shiftfr o mlo w erba ndto uppe rba nd w a s
c o nfir m ed cle arlya触rlO minin c ubatio n･ T hisdataindic ate sthatM A P Kc a s cade m ay
w o rk fo r c ells adaptatio ninthe e a rlystage sofacidadaptatio n･
39
Erkl
Erk2
Erk2(10min)
pE 6･2 pH 7
■
.4
a/b 0.76 0.26
＋ a
ヰ ー b
Fi菩.12. E ue ctofextr a c elbl aLrpH o n e rklande rk2le v els. Ju rkat c ells w er e etlltu r ed in m edia of
initialpH 6.2 a nd 7.4 fo r48and 24 hr, r e sIPe Ctiv ely(uppe r a nd mi ddlepa n el)orin c ubatedatpH6.2
a nd7.4 fo rlO min(botto mpa n el). W he n c ells w e r eha rv e sted, the m ediu mpH v alu e s w e r e6･2 and
7.3, r e spe ctiv ely. W e ste r nbolt a nalysis w as c arriedo tlWitha nti
-e rklpAba nd a nti- erk2 mAb as
de s cribed in Materials and Methods.
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D畳sc Ⅶs s畳o m
He r eisho w edthat m am m alia n cels c o uldpr olife rate, with m aintainingintr a c ellula r
pH u nde r a cidic conditio n s a ndthepo ssibiltythat n e wtr a nspo rters w o uldbein v olv ed
intheintr a c elularpH ho m e o stais･ Ther eha v ebe e n m a ny repo rts abo ut adaptatio nto
lo wpH,butin alm o stall, c ells c ultured in n e utr al m ediu m a re u s ed andthe r e c o v e ry of
intra c elularpH afte r cytoplas mic a cidific atio nis m e as u red at near n e utralpH･ So m e
tr a n spo rte rsha v ebe e n related to r e c o v e ring intr a c ellularpH: Na
＋
/H
'
e x cha ngers,
HC O3
‾
-depe nde nt alkalinizingtr a n spo rtersI P-type a nd V-type AT Pa s e s･ Isho w edthat
the s etr a n spo rter s a re n ot c o n c er n ed in the intr a c ellular pH m ainte n a n c e u nder
e xtr a c ellular a cidic c o ndito n s･ Espe ciallyNa
'/H' e x cha ngersha v ebe e n r epo rtedtobe
related to pⅠi ho m e o sta sis, but a milo ride didn
'
t affe ct intracellular pH and c ell
proliferatio n･ It tu r n s o ut that the m e cha nis m fo r r e c o v ering PHi differsfr o mthe
●
m e cha nis mthat m aintain spHiu nderthe a cidic e nvir o n m e nto utside c ells.
Ou abain r edtlC ed intra c elula rpH･ Ou abainis kn ow nto antagomiz eK
'
at e xte rn alK
'
bindingsite of Na
'
/K
'
- A TPa s e a ndha sbe e n u s ed a s a ninhibito r oftheNa
'
/K
'
-A TPa s e.
Thetw opo s sibilite sc anbe c o n sider ed. On eisthatouabaininhibitstheNa
'
/K
'
-A TPa s e
a ndthegradie nts ofNa a nd Kw er e c olaps ed. Othertra n spo rte rs, which m aintain pHi
●
u si ngthis gradie nt, w er einf山e n c ed, a nda s a r e s ultpHifel . Anothe risthat a o u ab in
s e n sitiv eH'/K'-A TPas e s u ch asitr epo rted inthe c olo n ofr at(4 2)orNa
'/Kir血pas e s
whichtra nspo rt H
'in ste ad of Na
'
u nder a cidc o ndit o n s regulate spH i･
Om epr a z ole a nd N- ethylm aleimide redu c ed pHi, but m o re spe cific inhibito r ofthe
ga stric H
＋/K
'
-ArPa s e
,
S CH 28080, didn
'
t affe ctpHi･ SC H 28080ha sbe e n r epo rtedto
affe ct o nly ga stric H
＋
/K
＋
-A TPas e, n ot to affe ctr atdistalc olo nH
'
/K
＋
- A T Pa s e(43)･
4 1
The effe ctof Om epr a z ole a ndN -ethylm aleimidega v e m etheide athata n e w
tr an spo rte rmighte xistin3
'
urkatcellsto m aintainpHi. Actu ally, o u rdata sho w edthe
e xiste n c e of N- ethylm aleimi de s en sitiv eA rPas e a ctivity, a nd thediffer e n c einthe
pr otein c o mbin ed with biotn o rN -ethylm aleimi debetw e e n c ells c tllu r ed in a cidic
m edia a ndthatin n e utr alm edia w a s obs e rv ed･ Itis stillu n cle a rthes epr oteins regulate
intr a c ellularpH,butthe s epr otein s m aybe n e c es s aryfo ra cidadaptatio n･ So m e
possibilities c a nbe c o n sidered･ 1)P-typeÅrPa s e s ar einhibitedbyN - ethylm alei mi deto
bind K
＋
･ So, n o v el PJypeAT Pas es m aybe e xistandinhibited. 2)Intra c ellula r
tr afEickingofv e siclesin cludingpr otein s relatedtopHho m e o stasis w a sblo cked by
N- ethylm aleimide(44)･ Ve siclefu sio n requir e sNSF(N -ethylm aleimi dい S e n Sitiv e
fu sio nprotein)thatbindsto Golgior cytoplasmic m e mbr a n e s withc ofa ctorSN A P
(s oluble NSFatta chm e ntpr otein). N- ethylm aleimideinhibitN S F fu n ctio n a ndAT Pa s es
expressio n atm e mbr a n e ar e affe cted(45).Sopr otein expre ssio nfわrpH ho m e o stasis
m aybeinhibited･3)N.- ethylmaleimideindu c e sthe change of intra c ellularpr otein
pho spho rylatio nle v el. ATPas e s a r e r egulated byP K Co rP E Ao r otherkin as e. The s e
kin as e a r eals o r egulatedtheir a ctivitybytheirphospho rylatio nle v ela ndaffe cted by
N - ethylm alei mi de(46)･ So N- ethylm aleimide m ayindu c ethe s epr otein s
pho spho rylatio nle v ela ndaffe ctpHho m e o stasis.
Ials o sho w edthat c ells c o uldcha ngeintr a c ellular sign alsto adapt to a cidc o nditio n s,
●
lo wpH indu c edthe cha ngeinpho sphotyr o sin elevels ofs o m epr otein s. Itho ught thes e
cha nge s ar e n e c es saryfo radaptatio nand ide ntific atio n oftheseprotein s are advanced
n o w. The r e ar e s o m e c a ndidatesinthe sepr oteins: c ells urfa c e r e c epto rs, adaptor
pr otein s a ndSr cfa milykin a s e s a nds o o n･
Cells u rfa c e r e c epto rs a repho spho rylatedbytheir ow n orothe rkin as e whe n aliga nd
42
isbo u ndtothe m
,
a ndtr a n c edu c e a sign alto otherpr otein s whe nligandsbindthe m.
●
Alm o st alr e c epto rs r epo rtedu ntiln o w a re a ctiv ated o nlybytheir spe cificliga nd･
Recepto rs, whichs e n s eproto n, ha v ebe e n r epo rtedre c e ntly･ In o ste obla st c ells,OG Rl
(o v a ria n c a n c e rG-pr otein -c o upledre c epto r)ispr opo s edto s e n s e e xtr a c ellularpH and
tra n c edu c e sign alsto Gpr otein a nda ctivate CAM P fo r m atio n(47). Re c e nt
ele ctr ophysiologic ale xperim e ntsha v esuggestedtheH
＋
- a ctiv ated c atio n c u rr e nts
thr o ughacid-se n singio nic cha n n els(ASICs)in s e ns o rya ndc e ntr aln e u r o n s(48,49)
Sen s o ryn e u r o n sfr o mmic ela ckingA SIC･3 ar e s e v e relydficie ntintheir r espo n s e sto
acidic stim uliinvitr o(50)ISo,jurkatc ells m ayals oha v e s a m epr oton s e n singr e c epto rs
細 ch asA SICs
Sr cfami lykin ase s(SFKs)e xistin c els a ndar e als o c alledn o n r e c epto rtypeP T K.
T he re are s om eSr cfami ly;Sr c, Ye s, Fyn, Fgr, Lck,Hck, Te e a nds o o n.SF Kspo s s e ss e s
str u ctur alfe atu r e s,in cludinga u niqu e amin o-te r minalr egio n, Sr cho m ology(SH)3and
S H2do m ain s,the c at?lyticdo m ain(als o r ef rr edto asS H l do main)andthe
n o n- c atalytic r egulato rys equ e n c einthe c arbo xylter min u s. T hein a ctiv eS F Ks ar e
pho spho rylatedo nthe c arbo xyトte rmin altyro sin e r esidu ebya n otherP T K, n a m edCsk
(51). TheS H2 do mainbindstothiste rmin alpho sphotyr o sin e re sidu ethr o ughan
intr a m ole c ularinter a ctio n, whiletheSH3dom ain reinfor c esthisinte r a ctio nbybinding
to apr olin e
-richm otif withinthelinke r regl O nbetw e e nS H 2and c atalyticdo main s
●
(52,53).-ActivityoftheS F Ks c a nbe regulated by phospho rylatio n a nd
dephospho rylatio n ofthe c a rbo xyトtermin altyr o sin e r e sidue(54)･ Astophysiological
fu n ctio
.
n,theSFKs a r ephysic alyc oupled withv ario u s s u rfa cerec eptors(5 5)･ Fo r
e xample, Fynis ass o ciated withtheT- c ellre c epto r, a nd IJyn With B
-c el r e c epto r, a nd
k kwithCD a ntige ns of T- c ells･ So m e re c epto r
-typeP T Ks, s ucha splatelet-de riv ed
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gro wthfa cto r r e c epto r, epide r m algrowth fa cto r(E G F)re c eptor, andc olo nystim ulating
gro wthfa cto r r e c epto r, are als o c o upled with theS F Ks. T heSF Ks a re theim m ediate
do w n str e a mta rgetsinthe s e c a s c ade s ofre c eptor sign alingupo n ago niststim uli.
Adapto rpr otein sthat ar e es s e ntialinpropagatio n sign alsfr o mthe re c epto rpo s se s
n o appar e ntc atalyticdo main/a ctiv e s, yettheyc o ntain m odula rpr otein-pr otein a nd
pr otein -lipid inter a ctio ndo m ains, su cha sSH2,S班S,pho sphotyr o sin ebindingdom ain
a nd･ For e xample,thefollo w ingTLc elladaptorsha v ebe e n repo rted:She,SH 2
●
do m ain･c o ntainingle uko cytepho sphopr otein of 76k Da(S LP-76), Grb2,1inke rfor
activ atio n ofTc ells(L AY), andGads, Nck, Crk(56,57). T he adaptorpr otein sdir e ctlyor
indir e ctlylo c aliz eto spe cifics ubc ellular site s, andthro ughpr oteininter a ctio ndo main s
r e c r uitotherprotein s whe npeptides o rliga ndsbind toTCR, cytokin e r e c eptors o r
gr o wth facto rr ec epto rs･ Whe n re c epto rs w er e a ctiv ated,the s e adapto rpr otein s w er e
pho sphorylatedand w er ebo ndto r e c eptor sviaS H 2,Sr ckin a s e viaS H 3o r othe r
pr otein sviatheirpho spho rylatedsite. T he reis n o r epo rtabo utSr ckin a s e ad ptor
pr otein s r elatedto e xtr a c ellular a cidc o ndito n s u ntiln o w. Ho w e v e r o u rdata
de m o n str atedthats o m epr otein s ar o u nd 60kDa ar epho sphorylatedata cidc ultu redc els.
●
Theys e e mtobein v olv edinpHadaptatio n syste m s whichtr a n sfe r e xtr a c ellular slgn als
to eve n m o reinsidethe c el a nd affe ctc ellfun ctio n orgr o wth. .
Ials o sho w ed the effectofe xtr ac elular a cidic c o ndit o n o nMAP K. T hatisimpo rta nt
fo r c ellgr o wth･Ac c o rdingto o u rdata, M A P Kw as a ctiv ated onlyin sho rt tim e, n otin
lo ngtim e･ Thisr es ultisin agre e m e nt witha r e a ctio n whe nER Kis stim ulated bys o m e
gr o wthfacto r or cytokin e･
Rec e ntlyingliom a s e xtr a c ellular a cidpHindu ce E R Ka ctiv atio n(58), altho ughthat
e xperim e nt w a s u nders e ru mfre e･It w as n ot cle ar whetherthe change of E R Ra ctivity
44
o riginatespHicha nge o rpHe cha nges･ Ourdata sho w edthatc ells c o uldm aintainpHi
u nde r a cidic m ediu m withlO %se r um , a ndthe cha nge of ER Ractiv atio nis che cked
u nde r s u ch c o nditio n･ Conside redthe s e re s ults
,
E R R is n ota s e n s o rfpHe, a nd a
protein upstre a m of ERR m ays e n s epHe･
Cells c a nse n s epHe changevia a c ells u rfa c epr oteinbefo r epHicha nges andthe
●
sign alistr a n smittedto adapto rpr otein s,Sr ckin a s e,G･pr otein a nd M A PKto regulate
ge n e e xpr e ssio n sfo r adaptatio nto a ciden vir o n m e nt, altho ughthisis my a nticipatio n
Cla rific atio n ofs u chsign alingw ouldadv a n c e u nde rsta ndingofthe adaptatio n
m e chanis m ofc a n c er c els
,
a ndfun ctio n oftheim m u nityc ellinthe c a n c er c ell
circ u mfe r e n c e orinna m m ationloci.
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Ma怠e r畳a且s a nd Me他ods
CeヱIs a nd Ma七c r畳a且s
Ju rkatT lympho cytes s uppliedby R･ L･ Ka spar(Brigha m You ng Univ e rsity, U SA)
w er e c ultu r ed at5% C O2a nd 37
o
C in RP M I-1640c o ntaining24m M NaH C O3(Gibc o
BRL)s upple m ented with 10 % fetal bo vin e s er u m(F B S). Chin es eham ster o v ary
c els(C H O)supplied by M ･ Nishijm a(Natio n al in stitute ofinfe ctio nD is e a s e, N IID),
m o u c e c alva ria-deriv ed o ste oblast cell lin e(MC 3 T3- El)s upplied by M . Ta m u r a
(Hokkaido Univ e rsity), o uter m edullaryc olle ctingtubule c elllin es(OM C T)s uppliedby
M ･Takeda(Kyorin University)w er e c ultu r edat5% C OBa nd370c in D M EM c o ntaining
24m M NaHC O3(Gibco BR L)s upple m e nted with10% F BS. Om epraz ole w as去upplied
by M ･ Ma eda (Osaka miv ersity)･ S CH 28080w as s upplied by M . Futai(Osaka
Univ e rsity).
Cellpr ol批r atio nim di批r e ntpH m edia.
Cells w e retr a n sfe rredto R P M I･1640s upple m e nted with 10 % F B Sc o ntaining10
m M PIPE S【piper a zin e-NN -bis(2- etha n es ulfo nic a cid)]forpH 6･2, 10m M H E PES
【4-(2-hydr o xyethyl)-1･piper a zin etha n esulfonic acid] for pH 7.4 or lOm M Tricin
[N -trisihydr o xym ethyl)- m ethylglycin]forpH 8.4. Cels w eregr o w n&itho ut the C O2
gas s upply. The m ediu mpH w a s adjustedbyadditio n ofNaOH･ Cells w er etre ated with
trypa nblu e a ndn o n-stain edc els w er e c o u nted･
Me a s u r e m e ntofcyto solicp‡‡(5 9)
Cells w er eha rvested by c e ntrifugatio n at 400xgfo r5 min and w ashed withgr o wth
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m edia witho utFBS･ Wa shedc ells w e r e s uspe nded inlo ading m edia a ndin c ubated with
lpM 2
'
,7
'
･bis(c arbo xyethyl)-5(6)- c a rbo xynu o re s c ein, aceto xym ethyl ester
(BCE CF-AM , Do3
'
in
,
Japa n)at 37
o
Cfo r30 min. The c ellslo aded with B C E C Fw ere･
w ashed withass ay m edia a nds u spe ndedinthe s a m e m edial The w ashing,lo adinga nd
as s ay m edia w e r e allthe s a m e a sthe gr owthm edia de s cribed abo v e e x c ept thatF B S
a ndphe n olr ed w er e notadded･ The c ells uspensio n w astr a n sferr edto a c u v ette pla c ed
in anu o re s c en c e spe ctr ophoto m et r(Hitachi, M P F-4). The nu o r e s c e n c e w a s r e c o rded
at37
oC, a nd the r atio ofthe530n m nu o r e s c e n c e sign al obtain ed at 500n m(pH
s e n sitiv e)a nd450n m(pHins e n sitiv e)e x citatio n w a v ele ngths allo w edthe c alc ulatio n
ofcyto s olic pH(pHi)･ The c alibratio n c u rv e w as e stablished in a n a s s ay m edia ofpH
6･Oto7.5 containing10lふg/mlnigericin.
Pr epa r a伽n ofJⅦrkBLt C eu m e mbr a n e sfo rthe K
＋
･ATPa s e a ss ay a nd dete ctio n of
biotinylatcdpr otein s(60)
Jurkat c ells wer e c ultu r edin acidic and n e utr al m ediafo r48hr a nd 24hr r e spe ctiv ely.
The c ells w er eha rv e sted bythe c e ntrifugatio n at 400Ⅹgfor5 min a nd w ashed withthe
w ash buffe r(10 m M s odiu mpho sphate,pH 7･0, c o ntaining137 m M NaCl,4 m M K Cl)
twice. Washedc ells w er e s u spe ndedat0
oC withthe s o nic atio nbuffer(0･25 M s u cr o s e,
2 m M E D T A, 0.25m M MgCl2, 5m M Tris- H CIpH 6.2, 7.2). Te n min血te slater, 1m M
P MSF a nd apr otinin(0.09unit)we re addedto the mixtu r e. The c ells w er e s o nic a
-
ted
thre etim e sfo r15s o nic e. After ce ntrifugatio nfo r30min atlOOOOxg,the s uper n atant
w as r e-c e ntrifuged fo r60 min atlOOOOxgat4
oC･ Thepr e cipitated m e mbr a n e s w e re
suspended inthe s o nic atio nbuffe r c o ntainingP M SFa ridapr otinin a ndsto r ed at
-20
o
C･
pr otein c o n c e ntratio n w asdeter mined withthe Lo w ry m ethodde s cribed by Peters o n
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(61)usingBSA a s a standard.
As s ay ofthe K
＋
･A T P汲S e a ctivity (62)
Fiftypgofc el m e mbr a n eprotein s asde s c ribedabo ve w e re mix ed wi ththe600plof
thebuffe r(1m M o u abain,5m M NaN3,40m M Tris- HCIpH 7.0, 7.4, 8.0, 8.8 o r40mM
M ES m is pH6.2). lnhibito rsand 15m M K CI w e re added whe nindic ated. A fter
in c ubatio nfo r30 min at 37℃, 100m M ArP(20pl)w ere addedtothe mixtu r e a ndthe n
incubated fo r a n othe r30min at37℃ . 300p115% TCA w er e addedto the miⅩtu r e a nd
the miⅩtu re w a skept onic e･ After c e ntrifugatio nfo rlO min at4℃gat2000Ⅹg, 40 0plof
the s upe r n at nt w e r emiⅩed with 935Ill ofthe re a ction r eagent(0.625N H2SO4,
0 3 %a m m o niu m molybdate, 0･375 %NaHSO3, 0.1 25%P M A P S). Afte rin c ubatio nfo r
lO min at18℃, OD660W a s m e a s u r ed,
M e a s tl re m e nt Of lntr a c elhl a r K' co n c e ntratio n with atomic abs orptio n
spe cto r ophoto m ete r
lntr a c ellular K' c o n c e ntratio n s w er e m e a s u r ed with ato mic abs o rptio n
spe cto r ophoto m et r. Ju rkat c ells c ultu red in a cidic m edia fo r24hr w er eharve stedby
c e ntrifugatio n at400xgfor5 min. The c ells w e re s u spe nded with m edia(R PMI 1640
c o ntainingl%F BS,pH6.2)witha nd witho utlm M N- ethylm aleimide. Afte rin c ubation
fo r30min at37℃ , the mixtu r e w a sge ntly added o nthe La u rylblo midelayerin the
c e ntrifugetube･ The mixtur e w a s c e ntriugated atlOOOxgfo r5min a nd w aterlaye r
w e re rem o v ed. The tube s c o ntaining La u ryl blo mide w er e wa shedtwic e with double
distiledw ater a nd Lau rylblo mide w a s r e m o v ed･ 5 %T C Aw er e addedtothetube･ After
in c ubatio nfor5 min at90℃, the solutio n w er e c e ntrifugated atlO Oxgfor5min a nd
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the a m o u nt of K
＋
in the s upe rn at nt w e r e m e as u red with ato mic abs orptio n
spe cto r ophoto m et r.
Dete c伽n of bio伽y蜘edpr oまeim s wi払A VI DIN
Thirty 帽Ofc ellm e mbra n eprotein s a sdes cribedabo v e w ere mix ed withthebuffe r
(10mM Tris-H Cl, p臼二7･4)wi tha nd witho ut2mg/ml biotin- m aleimi de. A fterin c ubatio n
fo r30min at 37℃,the s a mplebuffer(10%SD S､ 4%s u cr o s e､ 0.25M Tris- H CIpH6.8､
0･1 % br o m ophe nol blu e)w a s added tothe mixtu r es. Afte rin c ubatio nfo r5min at95℃ ,
pr otein s w er e s epar atedbyele ctr ophor esiin10 %polya cryla midegelc o ntainingO･1%
S D S･ Pr otein s s epar ated w er etr a nsferr ed to aPVD F m e mbr a n e a nd biotinylated
pr oteins w e redete ctedwithAVID INalkalin epho sphata s e
We ste r nblota n a旦ysis ofphosphoprotein s
Cells c ultu r edunder v ario u spH conditio n s w ereharv e sted a ndw ashed wi the w ash
bufer(10 m M s odiu m pho sphate, pH 7.0, c o ntaining137 m M NaCl,4 m M K Cl, 10
m M Nap a nd O･4 m M Na3VO4). W ashed c ells w e r e s u spe ndedin RIPA buffe r(50m M
Tris- HCl
, pH 7.2, c o ntaining150m M NaCl, 1 % s odiu m de o xycholate, 0.1 % s odiu m
dode cyl s ulfate, 1 % Trito n X -1 00, 10 m M Nap, 0.4 m M Na3V O4, 1 m M
phe nylm ethyls ulfo nyl nu oride, lug/ml apr otinin a nd 0.2pM ledpeptin). Afte r
in c ubatio nfo r20min at4
oC
,
the s u spe n sio n w as c e ntrifugedat1 6,000xgfo rlOmin at
4
o
C. Te ngpr otein ofthe re sultings upe rn at nt(c rude e xtr a ct)w as appliedto a10%
polya crylami de gelc o ntainingO･1 % SDS･ Pr otein s s epa r ated by gelele ctr opho r esi
w er etr a n sferr ed to a P VDF m e mbr a n e, and a ntiphosphotyr o sin e a ntibody(4 G IO,
Upstate Biote chn ology, In c.)w asbo u ndto proteins on the m e mbr a n e･ Staining w a s
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c ar ried o ut with a nti･ m o u s elgG a ntibody c o njugated with alkalin e pho sphata s e
●
(Bio sour c e, U SA).
Ⅰm m u n opr e軸ita伽 n oFphosphopr otein s
The c r ude e xtr a ct was obtain ed a sde s cribed abo v eex cept that1 m M Na3VO4 W a s
u s edin both w ash and RIFA bu飢rs a nd1 m M ethylen eglycolbis(betか amin o ethyl
ether)-N,N,N
'
,N
'
･tetr a a c etic a cidw a s addedto RIPAbuffe r. The c r ude e xtra ct(2.4 mg
pr otein)w a smiⅩed with3pg4GIO, andthe mixtu re w a sin c ubated at4
o
C o v emight.
Theim m u n o cmple x w as captur edby adding 60 pI Pr otein Aga ro s ebe ads(Upstate
Biote chn ology,In c.), a ndthe miⅩtur e w a sin c ubatedfo r2hat4
oC. The agar o s ebe ads
w e re w a sheds e v er altim e swiththe w a sh buffe r(se e abo v e), a ndboiled in 2Ⅹ he m mli
sample bu触rfo r5 min. Afte rthe agar ose be ads w e r e c ole cted by c e ntrifugatio n at
2.000xgfo r10 s e c o nds, the s uper natant was appliedto a10 % polya cryla mide gel
c o ntaining0.1 % SDS. ･ A fter el ctr opho r esi , the pr otein s we re stain ed u sing a silv e r
stainingkit(DaichiPu reChemic als, Co･ Ltd･ Tokyo, Japa n)or a nalyz ed with w e ste rn
blotting.
We ste r nblota n alysis ofE RR
Ju rkat c el 1ys ate w ase xtr a cteda sde s c ribed inthe s e ction of w e ste mblota n alysis of
pho sphopr otein s･ Pr otein s separ ated by gelele ctr opho r esis wer etra n sfe rr edto aP V D F
m embr a n e a nd Anti- e rklo r a nti- erk2a ntibody w a sbo u ndtoprotein s o nthe m e mbra n e･
staining ofim m u n o c o mple x w as c a汀ied o ut wi也 a nti
- m o use lgG o r a nti-rabbit 2
a ntibodyc o njugated withalkalin epho sphatas e(Bio s o u r c e, US A)･
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FT 曲C伽n a伽n oq加 ぬ まc ellsfo rWe ste r nb且o息a n alysis
Ju rkat c ells w er e ctlltur ed in a cidic a nd n e utr al m ediu m fo r 48hr a nd 24hr,
r espe ctiv ely･ The c els w e reharv e sted by c e ntrifugatio n at4 00Ⅹgfo r5 min a nd w a sh
with PBSc o ntaining10m M Napa ndO･4 m M Na3VO4twic e･ A fter r e s u spe ndedat0
oC
withs o nic atio nbuffe r(0･25M s u c r os e, 2 m M ED TA,0.25m M MgCl2, 10m M Nap,0.4
m M Na3V O4,5m M MRS-H CIpH6･2, o r5m M Tris･ H CIpH7.2). Te n min ute slater,
PM SF(1mM)and apr otinin(0.09u nits)wer eaddedto the mixtur e. T he mixtur e w a s
s o nic atedthr e etim e sfo r15良 o nice･ After c entrifugatio nfor30 min atl OOOOxg, the
S uPer n at nt W as re e entrifuged fo r60 min at l OOOxg at 4
o
C･ The pellet a nd
S uper n at nt W ere u s ed as m e mbra n e a nd Cytos olfra ction s. Ea chfr a ctio n w as mix ed
withthelysisbufferde s cribedabo v e a ndsto red at -20
o
C.
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